ABSTRACT.--We examined genetic parentage in a population of Black-throated Blue Warbiers (Dendroica caerulescens) in New Hampshire during 1995 and 1996. Although parentage patterns have not been examined in this socially monogamous species, behavioral observations have suggested that extrapair fertilizations (EPFs) occur. Using multilocus DNA fingerprinting, we determined parentage of 125 offspring in 38 broods. EPFs were present in 17 broods (44.7%) and included 34 offspring (27.2%) over both years. We found no evidence of intraspecific brood parasitism, because all offspring had high band-sharing scores with their social mothers. Frequencies of EPFs did not differ significantly between years (although only two years were examined). There was also no significant effect of time of season, age of social parents, population levels of breeding synchrony, or breeding density upon frequency or presence of EPFs within broods. In contrast, the occurrence of EPFs was strongly and positively associated with breeding synchrony among neighboring females; nests in areas of high local synchrony were more likely to contain extrapair young. Univariate logistic regression indicated that the level of local synchrony accounted for 22% of the variance in probability of EPE These results suggest that the temporal and spatial concentration of fertile females are important in influencing the prevalence of EPFs. Scoring of DNA profiles for band sharing between nestlings and each social parent and for novel bands (bands present in young but not in either social parent) followed Westneat (1990). We analyzed the distribution of novel fragments in order to distinguish rare bands arising from mutation (which should follow a Poisson distribution among individuals) from those attributable to extrapair parentage. A nestling was concluded to be from an EPF when it showed (1) a high number of novel bands compared with its social parents, and (2) a low level of band sharing with its social father but a high level with its social mother.
rately as a factor that may influence EPF rates (Stutchbury and Morton 1995), but these studies have obtained mixed results. Populationlevel breeding synchrony may be a very rough estimator of the likelihood of interactions between males and fertile females because individuals may not foray farther than neighboring territories in pursuit of extrapair matings (Stutchbury 1998b). Nevertheless, few studies have examined synchrony between individuals in close proximity. Rather than keeping the effects of density and breeding synchrony on EPF rates separate, we suggest the simultaneous examination of these factors in terms of local synchrony, or the fertility status of females in close proximity.
If males interact primarily with females in close proximity, then local synchrony may be regarded as a measure of females available for additional matings. The effect of local synchrony on frequency of EPFs depends on the behaviors of both males and females in intra~ and intersexual interactions. From the male perspective, areas of high local synchrony may force a male to choose between pursuing extrapair matings and guarding his own mate against potential intruders. If mate guarding is important in assuring paternity, and males From the female perspective, local synchrony may affect mate choice. Stutchbury and Morton (1995) hypothesized that high levels of population-wide synchrony increase the temporal concentration of females available for matings.
This, in turn, should result in a concentration of male displays to those females and increase a female's ability to simultaneously assess several males as potential extrapair mates. If female choice plays a large role in determining the incidence of EPFs, and females interact primarily with neighboring males, this hypothesis predicts that local synchrony should increase the likelihood of EPFs.
We examined EPF rates in a population of Black-throated Blue Warblers (Dendroica caerulescens), a small Nearctic-Neotropical migrant for which parentage has not previously been examined. In particular, we examined the relationship between local synchrony and EPFs and contrasted these results with those in which population-wide breeding synchrony and density were examined separately. We also examined the effects of parental age and breeding date on EPF frequency. Except for a low (0 to 15%) incidence of polygyny each year, Blackthroated Blue Warblers are socially monoga- Scoring of DNA profiles for band sharing between nestlings and each social parent and for novel bands (bands present in young but not in either social parent) followed Westneat (1990). We analyzed the distribution of novel fragments in order to distinguish rare bands arising from mutation (which should follow a Poisson distribution among individuals) from those attributable to extrapair parentage. A nestling was concluded to be from an EPF when it showed (1) a high number of novel bands compared with its social parents, and (2) a low level of band sharing with its social father but a high level with its social mother.
Background levels of band sharing (x) were determined by comparing bands shared between adults run on the same gel, using each individual only once in a comparison. Average allele frequency (q) was determined by:
which assumes that adults are unrelated and bands at the same location represent identical alleles (Jeffreys et al. 1985a, b). The mean probability of false inclusion of a father (I) was calculated as:
where p is the mean number of paternal-specific bands in offspring. The theoretical expectation of p is: Statistical methods.--To examine the effect laying date on EPF frequency, we used first-egg dates (the day when a female laid her first egg) as a measure of clutch initiation. Local breeding density was measured by nearest-neighbor distance following Westneat and Sherman (1997), and by the number of neighboring territories, which were defined as territories having an estimated boundary within 50 m of the boundary of a focal territory.
We defined a female's fertile period as three days before the first egg of a clutch was laid through the day the penultimate egg was laid. We used the breeding-synchrony index of Kempenaers (1993) to estimate overall population synchrony in female fertility. For population synchrony within a season, we calculated the proportion of females in the entire study population that were fertile at the same time as a focal female. Levels of local synchrony were measured as the number of neighboring females whose fertile periods overlapped the focal female's by at least one day, with neighboring females defined as above (only females with known neighbors were used for this analysis; territories at the edge of the study plot were excluded). For statistical analyses, we used this measure as a continuous variable. We also conducted analyses using a categorical measure of local synchrony ("level of local synchrony"), which we considered to be "low" if the number of fertile female neighbors was less than or equal to the population median, or "high" if the number of fertile neighbors was greater than the population median. We used univariate and multivariate logistic regression analyses to assess the effect of each ecological and social factor on the probability that a brood would contain extrapair young (i.e. the dependent variable was presence or absence of extrapair young). Only broods of three or more nestlings were included in these analyses (n = 29); broods near the edge of the study plot (n = 11) were excluded from analyses of density and local synchrony. Seven males (out of 21) entered into our analyses more than once (because we sampled more than one nest for each), but only three of them were included in analyses of density and local synchrony. We ignored this small level of pseudoreplication and treated each brood as an independent observation. Multivariate analyses were conducted including interaction terms, but the data were reanalyzed without the interaction terms if the initial analysis indicated that the terms were not statistically significant. Logistic regressions were conducted using Statview 5.0 (SAS Institute 1998).
RESULTS
The (GGAT)4 probe generated highly resolved, polymorphic multilocus profiles with low levels of background (Fig. 1) Three excluded young from different broods were apparent offspring of neighboring males run on the same gel (Figs. 1, 3 EPFs did not differ between years (X 2 = 1.65, P = 0.20; see Table 1 ).
Mating was assortative by age group (Table  2) Univariate logistic regression yielded similar results (Table 1) , and a multivariate logistic regression showed that the probability of a brood containing extrapair young was independent of male age (X 2 = 0.170, P = 0.680), female age (X 2 • Odds ratio gives the effect of changing a continuous variable by one unit (e.g. a change of one day for laying date) or a categorical variable by one level (e.g. a change in local synchrony from "low" to "high") on the probability that a brood will contain extrapair young. Values less than 1 indicate a decrease in probability, and values more than 1 an increase in probability. X 2 values are likelihood ratios comparing model fit with and without the indepertdertt variable (df -1).
b For a given nest, the level of local synchrony was considered "high" when the fertile periods of more than two neighboring females overlapped, and "low" when the fertile periods of two or fewer neighboring females overlapped. (Table 1) . The overall population breeding synchrony (Fig. 4A) . The proportion of extrapair young appeared to increase over the duration of each season (Fig. 4B) , but the statistical significance of the relationship between first-egg date and the presence of EPF was marginal (Table 1) In contrast to population synchrony, levels of local synchrony were strongly and positively associated with the frequency of extrapair young in broods (Fig. 5) . Females that had more than two neighboring females with overlapping fertile periods were more likely to have extrapair young in their broods than were females with two or fewer synchronous neighbors (X 2 = 6.75, P = 0.009), where two was the median number of synchronous neighbor females. Females with more than two synchronous neighbors also had a higher proportion of extrapair young in their broods than did fe- (Table 1) .
The univariate logistic regressions reported in Table 1 indicate that local synchrony was associated with the probability that a brood would contain extrapair young. However, firstegg date and population synchrony showed nearly significant associations with EPE and it is possible that relationships among the different parameters (e.g. between first-egg date and local synchrony) obscured statistically significant associations. To test this possibility, we conducted multivariate logistic regressions to assess the independent effect of each factor (Table 3). As indicated by these analyses, first-egg Benefits to socially monogamous males of mating with neighboring females may sufficiently negate the cost of lost paternity at their own nests, but both sexes probably play a role in determining EPF patterns. Clearly, understanding the extent of mate guarding and female choice is important in determining the nature of interactions that cause the positive association between local synchrony and EPFs.
Future attempts to account for variation in
EPFs should examine both the proximity and the fertility status of individuals, which together provide a more biologically relevant measure of the potential for EPFs than the two components alone.
